Abstract. This paper presents an ARQ (Automatic Repeated reQuest) blocks retransmission (ABR) for video multicasting over a mobile communication network (MCN). Multicast is an effective mechanism to save network bandwidth while transmitting a video stream. Yet, packet errors occur very easily in the last hop between a base station (BS) and a mobile station (MS) because of interferences and noises in the wireless channels. Large packet errors could bring a vital deterioration to the quality of video multicasting. The proposed ABR scheme considers three factors: (i) a percentage of a block in error among MS, (ii) the time constraint of a video frame, and (iii) the extra bandwidth for retransmitting the erroneous blocks. NS-3 simulation is performed to evaluate the proposed ABR. Simulation results demonstrate that a high quality of a multicast video can be reconstructed by using the ABR. Additionally, extra bandwidth for retransmitting the erroneous blocks is kept in a minimum.
Introduction
The increasing popularity of video streaming applications, such as video surveillance, video/movie on demand, and video conferencing, over a mobile communication network (MCN) has elicited researches on how to improve video quality at mobile stations (MS), such as notebooks, smart phones, etc. To deliver a multicasting stream over an MCN, multicast channels on the last hop, i.e., the hop between a base station (BS) and its mobile receivers require for establishment. Specifically, a BS needs to allocate an adequate amount of resource blocks (RBs) from OFDMA (Orthogonal Frequency Division Multiple Access) [1] [2] frames. Through the allocated RBs, a video stream can reach multiple receivers over the wireless channels simultaneously. However, wireless channels are not highly reliable due to sporadic interferences or noises. As a result, intermittent or burst errors could seriously degrade the video quality at any mobile receiver. Today, in the last hop of an MCN, ARQ (Automatic Repeated reQuest) block [3] [4] retransmission is not enabled for video multicasting. There are two reasons. First, MS in a multicast group could reside in different locations and have different distances to BS. Thus, the same ARQ block when it is received may face different outcomes; some MS may receive an ARQ block with errors due to weak receiving signals or interferences, while other MS may receive the same block without any errors. As a result, employing ARQ block retransmissions over the wireless hop for some receivers becomes a waste. Second, since each video frame has a time constraint, retransmission of an erroneous block from BS to MS may not meet its delay requirements.
Paper survey reveals that no retransmission schemes were proposed for video multicasting over the last hop of an MCN. Yet, some research work [5] [6] [7] [8] did focus on how to meet time constraints by setting up a video multicasting tree and some researches did consider the extra cost for the retransmission of erroneous video packets. For examples, in meeting the time-constraint aspect, some researchers studied a hierarchical multicast tree structure, Jiang, et al. [5] proposed a scheme to divide a multicast tree into many sub-trees with minimum energy consumption for a wireless multihop network. A receiver with the smallest packet loss rate is selected to retransmit packets for a sub-tree. For a further research step on the sub-tree, Lai, et al. [6] classified retransmitted packets into different priorities by utilizing the feedback messages from MS. Similarly, by considering different packet priorities, Shi, et al. [7] proposed a reliable real-time transport protocol to reduce end-to-end delay. Since packet retransmission may adversely affect the normal packet transmission, Suherman et al. [8] proposed a method which utilized the inter-frame gap for retransmission. Yet, none of the above-mentioned papers consider presentation time constraint at a mobile receiver. Thus, unlike the previous research work, in this paper, we propose a MAC-layer ARQ block retransmission (ABR) scheme for video multicasting on the last hop of a mobile communication network (MCN). The proposed ABR scheme aims at retransmitting an erroneous block if and only if the following three conditions are met: (i) the percentage of a block in error among multiple mobile receivers is greater than a predefined threshold, (ii) the retransmission delay is within the time constraint of a video frame decoding and presentation, and (iii) the extra bandwidth for retransmitting the erroneous blocks is a minimum.
The remainder of this paper is organized as follows. In Section II, we introduce a real-time video multicasting over the last hop of an MCN. Erroneous block retransmission and the problems encountered in video multicasting are illustrated. In Section III, the proposed ABR scheme and its associated algorithms are described. In Section IV, simulation using NS-3 is performed and the results are discussed. Finally, this paper is concluded in Section V. A real-time ARQ block has to meet its time constraint at receiver for a video frame decoding and play-out. In other words, if a retransmitted block cannot reach the receiver within a time constraint, the retransmission is simply useless. Every MS in a multicast group may have different queue lengths and different waiting time for video frame decoding and play-out. For a longer queue length, an erroneous block after retransmission from BS may have sufficient time to catch its frame decoding and presentation. However, for a shorter queue length, retransmission of an erroneous block may not catch the time for frame decoding and presentation. In the last-hop of an MCN, it is very critical if we can determine whether the retransmission for an erroneous block is worthy or not. As shown in Figure 3 , there are two separate transmission buffers at BS, one for transmitting the normal blocks and another one for retransmitting the erroneous blocks. In Eq. Table I shows the parameters and their settings used in the NS-3 (Network Simulator version 3) simulation. The maximum packet length is assumed to be 1500 bytes and an ARQ block is 1024 bytes, which means segmentation form packet to block could occur. In the simulation topology, we assume there are four MS receiving the same video stream multicasting from a BS. Since the four MS may have different processing capabilities, we assume they receive the same video stream, but with different decoding bit rates (DBR), ranging from 2.5 Mbps to 4.0 Mbps. Based on the RTT measured from a multicast stream with background traffic, Figure 4 shows the ratio of retransmission bandwidth versus the total multicast bandwidth by varying the block error rate (BER) from 5% to 20%. Three different percentages of a block in error among MS are studied in this simulation; i.e., threshold  = 1/4, 2/4, and 3/4, respectively. Figure 4(a) shows the results if only the erroneous blocks in I frames are retransmitted. As it can be observed, when the percentage of a block in error among MS is small ( threshold  = 1/4), a small BER (5%) consumes less than 4% of the total multicast bandwidth to the retransmission; yet the ratio will increase to 7%, if BER is increased to 20%. When threshold  is increased to 3/4, the bandwidth consumed in the retransmission is almost neglectable; even when the BER is increased to 20%, it consumes less than 1% of the total multicast bandwidth to the retransmission. For the purpose of comparison, Figure  4(b) shows the results if all the erroneous blocks in I/B/P frames are retransmitted. As we can observe, when threshold  is set to 1/4 and we vary BER from 5% to 20%, the ratio of the retransmission bandwidth versus the total multicast bandwidth increases from 7.5% to about 9%. On the other hand, if the retransmission crieria becomes more stringent; i.e., we increase the threshold to 3/4, bandwidth consumed for retransmission can be consistently maintained in a minimum (less than 3%), even when the BER is increased to 20%. To study the improvement in video quality with and without enabling the ARQ blocks retransmission (ABR), we proposed the video quality index (VQI) in Eq. (4). Since a higher VQI is the result produced from a large number of sucessfully received I frames at an MS, it can demonstrate the superiority of the proposed ABR scheme. In Figures 5, we first show the comparisons of VQI with different percentages of a block in error among MS (i.e., threshold  = 1/4, 2/4, and 3/4) by fixing block error rate (BER) to 5%. We assumed there are four MS in the simulation, and each MS has a different decoding bit rate (DBR), which represents a different processing capbability. In general, a higher DBR (e.g., 4 Mbps) produces a higher VQI. However, when DBR is small (e.g., 2.5 Mbps), we observe that more significant improvement in VQI can be achieved by enabling the proposed ABR scheme; particularly, the improvement in VQI increases from 60% to 90% when a smaller threshold for the percentage of a block in error among MS is set (e.g., also produce a larger improvement in VQI. This is because the retransmission criteria are loosened. Certainly, setting a smaller threshold may bring in a side effect, since it will consume larger bandwidth in block retransmission.
Simulation Results

Conclusions
In this paper, we have presented an ARQ blocks retransmission (ABR) scheme for real-time video multicasting on the last hop of a mobile communication network (MCN). The proposed ABR has considered two critical criteria for retransmitting an erroneous block; i.e., the percentage of a block in error among MS and the time constraint to reach the decoder of an MS. To demonstrate the effectiveness of the proposed ABR scheme, we have run simulation on NS-3. Simulation results have revealed that when a small threshold for the percentage of a block in error among MS is set, the bandwidth consumed in retransmitting I/B/P frames can be maintained in a very small ratio, even if under a large block error rate (BER). We have also analyzed the video quality index (VQI) for different BER and decoding bit rates. Simulation results have shown that when a small threshold for the percentage of a block in error among MS is set, a large improvement in VQI can be achieved. However, setting a small threshold may have to utilize more bandwidth in retransmitting the erroneous ARQ blocks.
